INTRODUCTION {#sec1-1}
============

Puberty is described as delayed puberty with exceptions when an organism has passed the usual age of onset of puberty with no physical or hormonal signs that it is beginning. It occurs mainly in boys. Delayed puberty is a chronic disease induced by hypernutrition,\[[@ref1]\] hypomotility, environment estrogen, etc., Puberty is a specific period for sexual development of male. Delayed puberty can induce poor sexual development and it is an important reason of sterility in males,\[[@ref2][@ref3]\] and it has been an urgent social question. The disease should be timely treated in puberty for its particularity.

Many exogenous compounds from process of human production and life *in vivo*, analog or antagonize physiological role of natural hormones, were released into environment and existed for a long time. These exogenous compounds could directly or indirectly be accumulated and they can bond with hormone receptor, which led to nervous system disorders, endocrine disorders, weakened immune system and reproductive abnormalities, developmental toxicity, embryo toxicity, developing cancer and immunosuppressive diseases. Once the substances, named as endocrine secretion interferential, enter into organism, it can interfere endocrine secretion system and take effect on exist and reproductive. Delayed puberty caused by exposure to environmental estrogens such as cadmium, mercury, bisphenol A (BPA) and dioxin. In boys, exposure to PCBs, PCDFs or the pesticide endosulfan was associated with delayed puberty or decreased penile length.\[[@ref4]\] The fungicide vinclozolin (V) was found to inhibit sexual differentiation in male rats in an antiandrogenic manner.\[[@ref5]\] Food is also a main source of exposure to endocrine active compounds, many of which have been linked to adverse health effects. Phytoestrogens, especially from soy are the major dietary source of estrogenicity. Soy and soy-derived products contain isoflavones that mimic the actions of estrogens and may exert adverse effects on male fertility.\[[@ref6]\]

Er-Xian Decoction (EXD), a nontraditional Chinese medicine formula in the early 1950s, is composed of six herbs including *Herba Epimedii* (Yinyanghuo), *Radix morindae Officinalis* (Bajitian), *Radix Angelicae Sinensis* (Danggui), *Rhizoma Anemarrhenae* (Zhimu), *Cortex Phellodendrl* (Huangbo) and *Rhizoma Curculiginis* (Xianmao). EXD was designed and named by Zhang Bo-na, a professor at the Shanghai University of Traditional Chinese Medicine in China.\[[@ref7]\] The formula with unique effect on nourishing both of kidney-yang and kidney-yin and has been used to treat osteoporosis\[[@ref8][@ref9]\] female menopausal syndrome,\[[@ref10]\] male climacteric syndrome\[[@ref11]\] and delayed puberty in China for many years. In this research, we aim at to evaluate the potential activity of triggering hypothalamic--pituitary--testicular (HPT) axis of male mouse in puberty and accelerating sexual development.

MATERIALS AND METHODS {#sec1-2}
=====================

Chemicals and plant materials {#sec2-1}
-----------------------------

Testosterone undecanoate (TU) were purchased from Zhejiang medicine Co., LTD Xinchang Pharmaceutical Factory (Zhejiang, China).

Soy isoflavones, *Herba Epimedii*, *Radix morindae Officinalis*, *Radix Angelicae Sinensis*, *Rhizoma Anemarrhenae*, *Cortex Phellodendrl* and *Rhizoma Curculiginis* were purchased from Supply and Marketing Company, Northeast Pharmaceutical Group Co., LTD (Shenyang, China).

Preparation of the EXD extract and HPLC analyses {#sec2-2}
------------------------------------------------

Six dry crude herbs stated in the prescription were mixed, then ground into powder and boiled in distilled water (100g/800 mL, 1.5h × 2). The filtrate was dried under reduced pressure, ground and the resulting powder was used. The yield of extraction was 28% (g/g). Icariin and berberine in extract were determined by high performance liquid chromatography (HPLC). The content of icariin and berberine was respective 0.81% and 1.34%.

Grouping of animals and model {#sec2-3}
-----------------------------

Sixty three-week-old male Sprague--Dawley (SD) rats were supplied by the Experimental Animal Centre, China Medical University (SYXK (Liao) 2003-0013). The animals were housed in an air-conditioned room at an ambient temperature of 24° and 50-65% relative humidity with automatic 12-h light: 12-h dark cycles. 60 rats were randomly chosen and subdivided into 6 groups (each 10 rats): Normal control group (NC), soy isoflavones group (SI-90 mg·kg^-1^), soy isoflavones and testosterone undecanoate (SI-90 mg·kg^-1^ +TU-10 mg·kg^-1^), SI-90 mg·kg^-1^ +EXD-10g·kg^-1^, SI-90 mg·kg^-1^ and EXD-5 g·kg^-1^ and NC+EXD-5 g·kg^-1^ group. The rats in NC group and NC+EXD-5 g·kg^-1^ group were orally administered with water and the rest rats were orally administered with soy isoflavones (90 mg·kg^-1^). After three weeks, The EXD dry powder or TU was dissolved in water and orally administered to the rats for 8 weeks. All animals received humane care during the study with unlimited access to chow and water.

Sampling harvesting {#sec2-4}
-------------------

When treated for 8 weeks, the body weight and body length of all rats were measured. The rats were anesthetized with 40 mg/kg sodium pentobarbital. Blood sample was collected from abdominal aorta and then centrifuged at 3000 r/min × 30 min, the serum was kept at −70°. The testes specimens were immediately collected dried by filter paper and weighted in the wet state and then testicular organ coefficient (testis weight (g)/body weight (100 g)) was calculated. The testes specimens were fixed in 10% phosphate-buffered formalin. The rats were inflicted into death. hypothalamus and hypophysis were collected and snap-frozen in liquid nitrogen and then the tissues were stored at −70°C.

Testis histological analysis {#sec2-5}
----------------------------

Formalin-fixed testis tissue was processed in 5μm thick paraffin sections, which were stained with hematoxylin and eosin (HE). The tissue sections were subjected to microscopic examination.

Biochemical analysis {#sec2-6}
--------------------

The concentrations of T, E~2~ and luteinizing hormone (LH) in serum, gonadotropin releasing hormone (GnRH) in hypothalamus, follicle stimulating hormone (FSH) and LH in pituitary gland were determined by enzyme linked im-munosorbent assay (ELISA) and the test kits were purchased from Adlitteram Diagnostic Laboratories, Ins., USA.

Immunohistochemical analysis {#sec2-7}
----------------------------

Immunohistochemistry was used to detect LH in pituitary gland. The test kits were purchased from Adlitteram Diagnostic Laboratories, Ins., USA. The experimental results were examined under a microscope.

Statistical analysis {#sec2-8}
--------------------

All results were expressed as mean ± SE. The data were analyzed by using one-way analysis of variance (ANOVA) followed by Student\'s *t*-test using SPSS computer software version 16.0, Level of significance was fixed at 0.05.

RESULTS {#sec1-3}
=======

Effect of EXD extract on body weight and body length {#sec2-9}
----------------------------------------------------

Soy isoflavones could suppress body development of rats. Compared with the normal group, body weight and body length of were significantly decreased in the SI-90mg·kg^-1^ group, (*P* \< 0.05). EXD extract and TU could accelerate body development. Body weight and body length of the EXD groups and the TU group were significantly higher than those of SI-90mg·kg^-1^ group (*P* \< 0.05). EXD could increase body weight of normal rats and had no obvious effect on body length from the results between the NC and NC+EXD groups \[[Table 1](#T1){ref-type="table"}\].

###### 

Effect of the EXD extract on body weight, body length and testicular organ coefficient in rats (ẋ±s, *n*=10)

![](PM-10-517-g001)

Effect of the EXD extract on testicular organ coefficient {#sec2-10}
---------------------------------------------------------

Soy isoflavones could restrain testicular development. Testes weight and testicular organ coefficient of the soy isoflavones model rats were significantly lower than those of the control group (*P* \< 0.05), however, the EXD extract and TU can enhance Testes weight significantly, when compared with that of the model group, (*P* \< 0.05) and made them reach normal level, when compared with that of the control group. (*P* \> 0.05). The NC+EXD-5 g·kg^-1^ rats were non-significance of difference when compared with the NC group. (*P* \> 0.05) \[[Table 1](#T1){ref-type="table"}\].

Effect of EXD extract on serum biochemical parameters {#sec2-11}
-----------------------------------------------------

Testosterone secret was suppressed by soy isoflavones. Testosterone of the SI model group was significantly lower than that of control group (*P* \< 0.05). EXD extract and TU could enhance level of testosterone and made it reach normal level, compared with that of the control group. (*P* \> 0.05) and compared with that of SI model group. (*P* \< 0.05) EXD could promote the secretion of T of the normal rats. E~2~ and LH of all groups were non-significance of difference (*P* \> 0.05) \[[Table 2](#T2){ref-type="table"}\].

###### 

Effect of the EXD extract on serum biochemical parameters (ẋ±s, *n*=10)
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Effect of the EXD extract on biochemical parameters in hypothalamus and pituitary gland {#sec2-12}
---------------------------------------------------------------------------------------

Compared with normal rats, GnRH were significantly decreased in SI normal group. As an exogenous estrogen, soy is oflavones negative feed back to inhibit secretion of GnRH through the hypothalamic - pituitary axis. EXD could improve the levels of GnRH and made it reach normal levels, but TU had no work. FSH and LH in pituitary gland were significantly decreased in SI model group when compared with normal rats. EXD could enhance the levels of FSH and LH. TU had roles in the secretion of FSH and LH, but the latter was insignificant \[[Table 3](#T3){ref-type="table"}\].

###### 

Effect of the EXD extract on GnRH in hypothalamus and FSH and LH in pituitary gland (ẋ±s, n=10)

![](PM-10-517-g003)

Testes histological examination {#sec2-13}
-------------------------------

Testis seminiferous tubules of the control rats were developed normally. Spermatogenic cells were arranged tightly and the structures of the cells were clear. Spermatogium, primary spermatocyte and spermatid in tuber could be all examined. Seminiferous tubule had been fully developed \[[Figure 1a](#F1){ref-type="fig"}\]. Spermatogenic cell loss and tubular atrophy accompanied by modifications in seminiferous epithelium composition and morphology were observed in the SI rats. Cells falling off could be observed and individual spermatogenic cells separated from basement membrane and the clustered cells fallen in the seminiferous tuber \[[Figure 1b](#F1){ref-type="fig"}\]. Seminiferous tubule of the EXD groups and the TU group was the same as that of control group \[Figure [1c](#F1){ref-type="fig"}-[f](#F1){ref-type="fig"}\]. EXD treatment could make testis seminiferous tubule develop normally.

![The photomicrograph of testis seminiferous tubules. (a) control; (b) SI-90 mg·kg-1 (model); (c) SI-90 mg·kg-1+TU-10 mg·kg-1; (d) SI-90 mg·kg-1+ EXD-10 g·kg-1;(e) SI-90 mg·kg-1 and EXD-5 g·kg-1; (f) NC+EXD-5 g·kg-1. Testis seminiferous tubules of the SI-90 mg·kg-1 (model) rat were developed abnormally, the others were developed normally](PM-10-517-g004){#F1}

Immunohistochemical analysis {#sec2-14}
----------------------------

Through immunohistochemical analysis of LH in pituitary gland, the results were well consistent with biochemical parameters of LH in pituitary gland \[[Figure 2](#F2){ref-type="fig"}\].

![Immunohistochemical analysis of LH in pituitary gland. (a) control; (b) SI-90 mg·kg-1 (model); (c) SI-90 mg·kg-1+TU-10 mg·kg-1; (d) SI-90 mg·kg-1+ EXD-10 g·kg-1; (e) SI-90 mg·kg-1 and EXD-5 g·kg-1; (f) NC+EXD-5 g·kg-1. The results were well consistent with the biochemical parameters in pituitary gland](PM-10-517-g005){#F2}

CONCLUSION AND DISCUSSION {#sec1-4}
=========================

The puberty of male rat is from 6^th^ week to 10^th^ week.\[[@ref12]\] Three-week-old male rats in prepuberty were fed with soy isoflavones. The EXD extract was fed in six-week-old. The rats were treated and put to death at 14^th^ weekend (treated for 8 weeks), when the rats were in adult. Body weight, body length can reflect body growth condition. The concentrations of T, E~2~ and LH in serum, GnRH in hypothalamus, FSH and LH in pituitary gland can reflect hypothalamus- pituitary axis function. Testes weight and testis organ coefficient can reflect sexual development condition. The results show that the EXD extract can enhance T, GnRH and LH. It can trigger the HPT axis. Body weight, body length, testes weight and testis organ coefficient data are just the results of start-up of the HPT axis.

That the HPT axis is triggered timely is important to growth and development of male children in puberty. The results of experiment show that the soy can suppress start-up of the HPT axis and the EXD extract can improve the inhibition action of soy. GnRH and LH of the soy model rats is significantly lower than that of control rats. It expresses that soy can suppress the release of GnRH and LH in hypothalamus or hypophysis and suppress the run-up of the HPT axis. GnRH and LH of The EXD extract rats is significantly higher than that of the soy model rats and the same as that of the control rats. It expresses that the EXD extract can elevate the express levels of GnRH and LH and startup the axis. Testosterone of the soy model rats was significantly lower than that of control rats, while, The EXD extract can enhance level of testosterone and facilitate sexual development and accelerate body growth and testis development.

Start-up of puberty is also start-up of the hypothalamic--pituitary--testicular (HPT) axis. Hyperadiposity can suppress the HPT axis and delay development of testis and produce of sperm. Clinical and pharmacological researches express that many hormones are correlated with functions of the HPT axis and influence directly and indirectly sexual development in puberty, especially, GnRH, LH and testosterone play very important roles in pubertal development of male.

Soy isoflavones are phytoestrogens with potential hormonal activity due to their similar chemical structure to 17-β-estradiol.\[[@ref13]\] Pediatricians and parents recommend suspending all possible estrogen-contaminated food, especially meat (poultry, beef) and soy products, when the child presents with a pubertal disorder.\[[@ref14]\]

Drugs for delayed puberty include testosterone undecanoate, testosterone intramuscular and oxandrolone.\[[@ref15]\] Natural testosterone and its esters rarely produce side-effects, but exogenous testosterone suppresses the production of LH and FSH and leads to reduced testicular sperm production and, consequently, reduced testicular volume. Androgen is considered normal in adult and is inappropriate in childhood.\[[@ref16]\] This results show that TU has effect on start-up of puberty, but not on start-up of the HPT axis. Er-Xian Decotion, A traditional Chinese herbal formula, is advantageous.

The results of the present research indicate that EXD extract is effective to start the HPT axis in puberty and can significantly improve the inhibition of the growth and development of rats caused by soy isoflavones. The results provide experimental evidence in treating male delayed puberty. It is highly possible to develop EXD extract as a drug to intervene early in pubertal development.
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